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Diamond - key facts

. 24 cell 3 Gev machine

. 300 mA in top up mode
. 14 beamlines operational
. 22 beamlines by 2012

. A further 10 by 2016

Diamond - beamline layout

LOLA: X-Ray Spectroscopy

Small Molecule Single
Crystal Diffraction | [ 119 |
Core EXAFS | B18

SISA: Surface & Interface
Structural Analysis
BLADE: X-Ray Dichroism
& Scattering

111 High Resolution

7 Powder Diffraction

Microfacus Spectroscopy 118

Diamond House Test beamline

Materials & Magnetism | [ 116 | 115

= JEEP: Joint Engineering,
Extreme Conditions

Environmental
and Processing

——— Macromolecular Crystallography

———— Soft Condensed Matter X-Ray Coherence
Spectroscopy and Imaging
Engineering and Environmental Science

——— Materials

Surfaces and Interfaces

For more details go to http://www.diamond.ac.uk/Home/Beamlines.html

Diamond Data Acquisition System - Overview

. EPICS provides most hardware interface and low level experiment synchronisation
. GDA integrates the EPICS system and other devices to give the user level functionality
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User Office / Pre-experiment facilities ( [CAT, ISPYB)

GDA - GUI & hi_ﬁ.EPICS - sottware
“=~ "Experiment Logic abstraction of hardware
& fast scanning.

‘Post’ Analysis + data storage

diamond

The Data Acquisition has a wide range of use

. large range of science techniques - surface science, MX, tomography, spectroscopy,

. large range of equipment throughout the facility

. high throughput industrial type measurements by users with little need or desire to understand how the measurements are being taken
. longer experiments by users that that want to control every aspect and create novel experiments during their visit.

. large data volumes,

. 24x7 data collection with little support from engineering staff

. Remote Access

. provide tools for commissioning, beam line setup and beamline use

The Data Acquisition must have many different features

. ease of use

. automatic data reduction and visualisation

. tools to aid analysis to allow users to get confidence in quality of data or to direct the current experiment
. use of a common data format to allow automatic interpretation by visualisation and analysis programs

. connection to user databases used to direct and record the measurement/experiment

The Data Acquisition must be adaptable

. flexibility to allow rapid adaptation of techniques by beamline staff rather than by engineers
. need to change equipment rapidly
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. acommon tool set, structure and user interface to allow users, beamline staff and engineers to easily move from one beamline to
another,
. expectations of GUI's are always going up and so GUI's must be easy to change without impacting the beamline operation.

The Data Acquisition must work with other systems

. connection to archival systems

. connection to user databases for authorisation
. logging facilities

. error reporting systems

The Data Acquisition must be cost effective

. The skills required to maintain and enhance it must be readily available
. The technology must be relevant for a very long time
. The system must be maintainability and remain able to keep up with future demands

What is GDA

. One or more ObjectServers each holding collection of Java objects. The objects may themselves provided a connection to external
hardware controllers e.g. EPICS devices

. A mechanism for one object to access another across ObjectServers

. A mechanism for objects to notify other objects of changes of state

. One ObjectServer contains a Jython Interpreter This has access to the other objects in the system

. A highly flexible Scan mechanism that can be used to a wide range of of measurements

. Rich GUI clients that also have access to the other objects in the system, including the Jython Interpreter The Rich GUI is constructed
using Eclipse plugin framework It also has an ObjectServer embedded in it

. Eclipse Plugins exist to give access to the objects, jython interpreter and provide data visualisation

. For more detail see the Developer and User documentation

How does GDA satisfy the demands placed upon it -(1)

. highly flexible The objects are constructed using Spring Framework config files which places little restrictions on their form or function

. integration - Jython language used to integrate the objects is very powerful
. little engineering support - the system is stable and well tested

. very powerful common scan mechanism that can easily be used to scan any combination of real or virtual devices at any level of nesting

mhtml:http://groups.nsls2.bnl.gov/ExperimentalFacilities/Formal Review and Meeting/2010/04 10 DAQ workshop/Final Prese... 5/20/2010



GDA at Diamond Light Source 2010 Page 6 of 35

. scan mechanism creates plottable data and common format data files that can cope with any level of complexity of data. But the pipeline
for handling scan results can be extended and adapted easily

. scanned devices can be written in Java or Jython, by engineers and beamline users. They can be as simple as returning the beam current
or as complex as configuring and reading a multi element Germanium detector , or driving a combined motor trajectory scan with
synchronised data measurement

A scan of energy keeping hkl fixed at [1 0 1] , with polarisation set to 90, at each energy reading the value from a counter timer exposed
for 1 second is read, plotted and written to file:

scan energy 5.95 6.05 .0005 hkl [1 O 1] pol 90 ct 1
How does GDA satisfy the demands placed upon it (2)

. easy to use command line access to a Jython interpreter to allow low level control of the system,

. ability to execute user written Jython scripts to automate lengthy or complex procedures.

. CAJ/JCA built in and GDA helper classes allow easy creation of devices to interface to EPICS pvs

. DiffCalc provides scanning in hkl space by diffractometer in various modes. Diffcalc objects fit perfectly into the scan mechanism

How does GDA satisfy the demands placed upon it (3)

. Client server design to allow multiple users to access the system at once without endangering the data collection process.
. A baton system to control who has ability to change the beamline operation.
. An authorisation system to allow different user levels of control.

How does GDA satisfy the demands placed upon it (4)

. The Eclipse Rich Client Platform plugin framework to allow software engineers to create either technique specific client guis and
associated server components, data visualisation components or data reduction pipelines.

. A basic set of GUI panels that allow users to write scripts, enter commands, scan devices and visual results.

. A proven design pattern for interfacing GUI aspects of experiment definition to server script. A growing library of compatible GUI
widgets to speed development of the GUI aspects.

. The resultant GUI can be branded to suit wishes on individual beamlines Beamline specific perspectives, manual, splash screen

Experiment Definition GUI design - common widgets

The GDA project contains a wide range of higher level widgets based on SWT and JFace. These are included in the common.rcp plugin and
are available in GDA 8.2. They are used through a tool palette in RCP developer so can be placed graphically into your Ul. More
information is available on the GDA forum
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Experiment Definition GUI design - built in validation

The experiment parameter definition system allows for automatic validation against a XSD schema and Castor XML mapping file as well as
editor specific code contributed validation. Errors are reported to the user using Eclipse problem reporting mechanism.
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How does GDA satisfy the demands placed upon it (5)

. A growing set of data visualisation tools using OpenGL to make use of hardware capabilities of the system graphics card.
. A set of FilelO tools to read data files of various formats into a common data format (DataSet) for access by the rest of the analysis tools
. The DataSet class aims to emulate some of the functionality of NumPy's ndarray class.

How does GDA satisfy the demands placed upon it - analysis tools
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How does GDA satisfy the demands placed upon it (7)

. Being Eclipse based the GUI can easily be augmented by other plugins that are not aware of GDA. Some of these are already built in
such as:

- PyDev python editor;

- CSS Synoptic Display Studio which allows non software experts to create bespoke panels to talk to both GDA native objects
or directly to EPICS.

- EDNA - analysis pipeline

Combining GDA with other plugins

Kenneth Evans at APS has incorporated Fable plugins getting its images from the simulator for Mark Rivers' Area detector into GDA: The

How does GDA satisfy the demands placed upon it (6)

. Full support for Nexus file creation and visualisation.
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How does GDA satisfy the demands placed upon it (7)

. Use of the log4j logging system to provide system wide logging and program events.

How does GDA satisfy the demands placed upon it (8)

. Being Java based it is easier to find software engineers with required skill set.
. There is a wealth of good Java development tools.

. Use of widely used Java technologies , e.g. Spring Framework, Jython, Eclipse
. Jython is easy for beamline staff and 'expert' users to learn.

Weaknesses

. Not a control system.

. No archiving

. No alarm system

. No strip tool (yet) other than that in CSS-SDS

Users response to using GDA at Diamond

Page 11 of 35
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. Users of phase 1 beamlines that continue to use the Swing GUI express a lot of happiness with the system.

. Beamline staff are very happy with the flexibility of the scan system

. The Eclipse GUI is new and is only now being given to users and beamline staff to use in anger. They can appreciate the power of the
system but are not yet in a position to comment further. There is a training exercise that needs to take place.

Experience of developing and supporting GDA at Diamond

. Developing script base experiments and incorporation of new device is very simple.

. The basic system just works and can be relied upon. This is the result of improvements to development practises made over the last 2
years.

. Support of the system demands little effort from the engineering team. Most unplanned time on the beamline is spent adapting the
system to meet new requirements.

. GUI development has been tedious and time consuming. It is hoped that with the introduction of the Eclipse system, a proven design
pattern for linking GUI to script engine and the development of a set common widgets that this task becomes easier.

. However developing sets of Eclipse plugins to deliver an overall system is not easy and requires teamwork, good Java developers, and
the following of software engineering practises.

Development Process

. Continuous integration using Hudson

. Unit and integration testing of Java and scripts after each commit
. Well controlled release procedure

. Use of Jira issue tracker

Lessons learnt

. Stability is all important. If it worked once it should continue to work This demands the team adhere to software engineering practises

. Communication with the EPICS developers is very important. Use a mechanism to abstract away pv names behind interface definitions

. Push control down to as close to hardware as possible EPICS trajetory scans that make use of the abilities of the motor controllers are
used to provide fast synchronised measurements when needed

The Diamond Data Acquisition and Scientific Computing Group
Bill Pulford - Head of Group

Data Acquisition Team Diamond Scientific Software
Paul Gibbons (Team Manager) Alun Ashton (Team Manager)
Jun Aishima Mark Basham
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Vasanthi Nagalingam Karl Levik

Eric Ren Peter Chang

Tobias Richter Duncan Sneddon
Rob Walton Joachim Diepstraten
Richard Woolliscroft Graeme Winter
Fajin Yuan

Matt Gerring

Matthew Webber

Richard Fearn

Chris Coles

GDA originated from the team at Daresbury Laboratory
Greg Diakun - Head of Group

Geoff Mant Steve Kinder

Paul Stephenson Christine Ramsdale
Karen Ackroyd Mike Miller
Glenys McBain

What next for GDA
. Converting the MX Gui from Swing to Eclipse RCP

. Development of GUIs, scripts and server objects to support the new beamlines at Diamond

. Incorporation of analysis pipelines
. Make better use of the CSS-SDS.

. Make source code repository open to collaborators Currently we are in favour of using git

MX User Environment
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MX End Station
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MX Swing GUI
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MX - background detection of problems and reporting
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[ staws x

Baton Health

I Terminal x| [ Expe|

Experiment Shutter i ME—
Closed | MakelluichSale Adivaiefuich Sample Conwrol |uninitialised

File Edit View History Bookmarks Tools Help

?@ ﬁ | [@] | file:/wdis_sw/iod/varihealthCheck | v | Iehe

[ Most Visited™  [6]Red Hat, Inc. [@]Red Hat Network [3Support¥ [JShop~ [iProducts™ [ZTraining™ [s] Microsoft Outlook

4die..| Forbiade...| w wiki: mx .| MxBea... | * EPICS Da...| ¥ motorola...| [8] (Untitled) | = boot pro... ‘ [ (Untitied) ‘@ il

Health Check for i04 - 15/04/2010_10:16:49

Machine is in User mode
Front end shutter is open
Experimental shutter closed so checking qbpm2

gbpm?2 expected = 1.14076927398569E-1 uA actual = 2.18095987411487E-2 uA - good

State is 'bad’

(NB.This is not a guarantee for beam at sample position as this is effected by attenuation and slit size.)

e qbpml :1.2421 uA

e gbpm2 : 0.021810 uA

e qbpm3 : 0.055222 uA

e gbpm4 : 0.041009 uA

e 54 xsize : 2501.2micron
* 54 ysize : 2503.2micron
+ 0.02168099954724312
beamline health: bad

Beamline Optimisation - Mirror Focussing
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Mirror Focussing - details
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0.0000 1. 8. || | ):" o
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0.0000 1. . 11750802 1 L/ ¥ =i
E-m } 2 11500803 -
0, GO0 . T, = [ peak2atopx
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0,000 . ! L[
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eawl caml saved 1ast file tor 234541 bz d_peaky
fan conplete. fican 7358
[ [ I
233 [scan STMCENTRE -1.54 -1.84 -0.01 canl 850 peak2d scandborter | coear | D coear ot grapn | Line only |=|| oisconnea |
pausescan_ || pause s e comem scansscrees | R

FrE

scan S2XCENTRE -1.54 -3.84 -0.01 caml &50

peakzd scandshorter

Top level command

<]

i

getDatalbm_vTm, -100, 53YGAP, S3YCENTRE, 0. 37, S2XCAP, SZXCENTRE, -3.89, -5. 24, -0.03,863)
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Mirror Focussing - top level script details (1)

def getDatalmirror, increment,
s1itToScansize,
s1itTo5ScanFos,
slitsize,
otherslitsize,
others1itPos,
slitstart,
sTitEnd,
s1itstep,
exposure=768):
positions = getPositions(mirror.getPosPlusIncrement(0),increment)
print positions
pos otherST1itPos 0.
pos otherslitsize 40,
pos s1itToScansize slitSize
for position in positions:
print "moving mirror to " + “position’
pos mirror position
print "mirror is now at " + ‘mirror()”
while(True):
while( not scandborter.is0k{1):
print "waiting for beam To come back'

sleep(E0)
try:
print "beam is ok S0 now sTart scan"
scan s1itToScanPos sTitStart s1itEnd s1itStep caml exposure peak2d scandborter
break
except:

1f( scanbfborter.is0K{)):
raise Exception, "Scan aborted for unknown reason”

else:
print "scan aborted due to drop in beam current”

Mirror Focussing - top level script details (2)
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class Scandborter(Pseudobevicel:
def __init__i{self, name, qbpm, minValue):
self.qbpm = ghpml
self.minValue=minalue
self.sethame(name)
self.setInputNames{["energy"])
self.setExtraNanes[self.gbpm. gethane()]7
self. energy=0.
def rawlsBEusyi(self):
it not self.is0E):
raise "ghpm is <
return False
def getPosition(self):
return (self.energy, self.qbpmi))
def is0K(self):
return self.gbpm() > self.minValue
def asynchronousMoveTo(self, new_energy):
self.energy = nNew_energy
pass

+ ‘self.minvalue’

scanfhorter = Scanfborter("scandborter",gbpml, 0.5)

Asking user for input during a script

}}}rn=gd55cr1ptS.h1mnrph.h1mnrph.runﬂpt1m153t1nn[}
Flease enter the type of mirror,either vfm or hfm--=htm
Flease enter the mirror Tength

q] T |

-

MX - simple visualisaton of scan results
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Lr

Take Spectrum

~| Acqg. Time ’107 s

Optimize Atten.

Stop

- | Show Last Spectrum |

Killed executl

106 - Eclipse GUI used in script mode

Filter | Calculated | Actual Move
Filter2A IN ouTt In/ Out Restarting the
Filter2B IN IN In/ Out Keep this winc
Filter2C| OUT ouTt In/ Out
Filter2D| OUT ouT In/ Out
FilterlA IN IN In/ Out FSCN1
FilterlB| OUT ouT Inj Out I .
Filter1cC [ Data Vector x
Filter1D 325
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s i
('; 150

125
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25
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106 - PyDev editor in action
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= i Seripls - Config print "= *~ RCPPictter (gda. anatysis)

- e print . : o - % (Diarmond Utilty Functions)

i Braminelis o gdascriptiir
& Demo from qda, configuration. properties import LecalProperties ° userserptDic
i Diamona from gda, analysis import ScanFilekalder L o gaabevSerplDir
- from gaa. analysis import RCPPLotter - ScriptLoggerCless (Dismend Mty
= seisar % from Diamond. Utility, Functions impart *; o lngger
& ScrptDoc @ data
@ temp Qaascriptiir = LocalProperties. get({ gda. jython. goascriptoir) » “77; = pp

L ir_0g,_magriet py

b [ rasorMosors py
B L startliff py

| EpicsR5232 py

ULerSEriptOLr = LocalProperties. geti god. |y

o0 USErSEripI0irT) . T4y

[ Iecatstation_inG
: Ry gAADEVSCriptDir = LocalProperties.get( gada. [ython, gaslevs

ocalStation_06-1 py

oc atstation_rasor py
from Diamond.Utility. Scriptlogger import ScriptloggerClass;
Logger=Scriptloggerclassi);

B L useasym.py ewecTile(gdascripthir + “@e, N
b @ pythonZ 5.1 (s _swii0s: L/sormwara/pdaipiigh
= (i Seripts - GDA prane -
- e print “Set
b @ extencdedsyntax L =
b @ gdadevscripts =
b goasenpts B lythen Cansala | [1 o
b Pysre | [28 errors. 7 wamings. 0 others
b testhelpers Cescription Resource  Pamn Lecation Type
b testy B O Grars (10 ey
b e test reparts =& Wamings (7 tems)
13 I in__py % Instead of ‘pos iddenergy 275, use 1d S53AS.C py [SCAPS - Usenisrc line 10 Problem:

4 Instead of pos IAPenergy 575, use  G1B-XAS-D py /SCAPIS - Usersrc ine 10 Prabiem

& IDGuser | Baton held Mo Scan nunning

106 - PyDev editor extended for use in GDA

107 - User Environment

Il EN Il

*- ComrespandentDevicaclass {Diam
“= DevicefunctionClass (Diamand P

5 gaaObiectFactoryName

Mo Scrigt running

! B Jython Console | [ | 2|

18 errors, 7 warnings, 0 others

Description Resource Path

Location Type

@ Errors (18 iterns)

=~ & Warnings (7 items)

& Instead of 'pos iddenergy 275, use 'id 553-XAS-C.py /Scripts - User/src line 10

Problem
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107 - Scan and Plot
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112 - Experiment Parameter Editor, incorporation of EDNA
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= Data Acquisition Client - Beamline i12 NS
File Edit Search Run Window Help
03 || | Q- | |0 | =
2
[ #TestParameters xmi 5 = 0|k Pot1 & Pot2 3 h & & |I] T @ uJ[;J SR &E0~-0
Tomography Parameters 10000 - -- = S
—eeeeeeeeeeeeeeeee 9000 -p--c--re-e-
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—————— > 5000 -|--
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S — 3000 ~f----
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Active

CORCD)

Number of Flat Relds taken 10

Dark Field Parameters
Number of images to be taken 10 E!

En @8

o 8- ri- =0

s
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112 - Data analysis, Nexus Viewer and Peak finding
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115 - CSS -SDS panel created by beamline scientist
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